Introduction
============

Primary biliary cirrhosis (PBC) and primary sclerosing cholangitis (PSC) are the two most common chronic cholestatic liver diseases. The prevalence of PBC ranges between 1.9 and 40.2 per 100,000 inhabitants, and may be rising, whereas the prevalence of PSC is as high as 16.2 per 100,000 inhabitants.

Other chronic cholestatic diseases including immunoglobulin 4-related disease, secondary sclerosing cholangitis of the critically ill, and idiopathic adulthood ductopenia are much rarer. Population-based studies are not available to determine their actual incidence or prevalence, and these entities are usually reported as case series. Idiopathic adulthood ductopenia, for instance, is usually described as a case report, with \<100 cases in the literature.

This review will focus on the diagnosis and management of PBC and PSC. Notably, older "variant" syndromes of autoimmune cholangitis and pericholangitis have been re-classified as anti-mitochondrial antibody--negative PBC and small duct PSC, respectively, and will be discussed below.

Primary Biliary Cirrhosis
=========================

Diagnosis
---------

PBC is an autoimmune liver disease affecting mostly middle-aged women, manifesting clinically with symptoms of fatigue and pruritus in the context of chronically elevated alkaline phosphatase (ALP) levels. Liver histology is characterized by lymphocytic cholangiopathy of the small to medium-sized bile ducts (non-suppurative destructive cholangitis) and ductopenia.^[@bib1],\ [@bib2],\ [@bib3]^ In its classic presentation, such cholangitis becomes very exuberant, leading to formation of a granulomatous reaction named the "florid duct lesion" [Figure 1](#fig1){ref-type="fig"}. The hallmark serologic feature is the presence of anti-mitochondrial antibodies in \>90% of cases.^[@bib4]^ Antinuclear antibodies are also commonly present in PBC with some of the antinuclear antibody subtypes being specific for PBC [Table 1](#tbl1){ref-type="table"}. These PBC-specific antinuclear antibodies can aid in the diagnosis of anti-mitochondrial antibody--negative PBC, and can provide prognostic information.

In the asymptomatic patient, PBC is suspected in the setting of chronic unexplained elevation of serum ALP, whereas symptomatic individuals may present with pruritus, fatigue, or complications of advanced liver disease. Disease progression results in the development of biliary cirrhosis and portal hypertension with some patients requiring liver transplantation.^[@bib2],\ [@bib3],\ [@bib4]^

The incidence of PBC ranges between 0.33 and 5.8 per 100,000 per year, with prevalence rates of 1.91 to 40.2 per 100,000 in a systematic review.^[@bib5]^ However, three studies with rigorous methodology for diagnosis from the United States, United Kingdom and Iceland have reported higher prevalence rates ranging from 38.3 to 40.3 per 100,000, which are more representative of the true prevalence of the disease.^[@bib2]^

Natural history
---------------

Disease progression occurs over many decades but varies from patient to patient. Before therapy with ursodeoxycholic acid (UDCA), patients with PBC had diminished survival compared with the general population. In a study from England with 770 patients (all diagnosed with PBC before 1994), the risk of developing decompensated liver disease over 5 years was 15%.^[@bib6]^ As more patients are now diagnosed earlier and treated with UDCA, the progression of liver disease is slower. Consistent with this change in natural history is the decreasing number of liver transplants performed for PBC in North America and Europe.^[@bib7],\ [@bib8]^

One of every three patients with PBC treated with UDCA will fail treatment, and approximately 10% of these patients will progress to liver failure. Although several sets of criteria have been developed to evaluate response to treatment with UDCA, none is able to perfectly distinguish patients who are likely to progress from those with stable, non-progressive disease.^[@bib9],\ [@bib10],\ [@bib11],\ [@bib12],\ [@bib13]^ The Global PBC Study Group, a consortium of 15 North American and European centers, recently reported that serum levels of ALP and bilirubin followed annually correlated with important clinical outcomes. At 1-year of follow-up, ALP levels \<2.0 x upper limit of normal (ULN) best predicted patient outcomes (c-statistic 0.71): those patients with \<2.0 x ULN had an 84% 10-year survival compared with a 62% survival in those with serum ALP levels ≥2.0 x ULN at 1 year. Further, bilirubin ≥1.0 x ULN best predicted patient outcomes: those with bilirubin \<1.0 x ULN had a 10-year survival of 86%, whereas those with bilirubin ≥1.0 x ULN had a 41% survival (*P*\<0.001). Combining ALP and bilirubin levels at these cutoffs predicted outcomes even better. These results remained significant in multiple sensitivity analyses even controlling for treatment with UDCA.^[@bib14]^ This landmark study importantly correlates hard clinical outcomes with surrogate markers of ALP and bilirubin levels, which is useful clinically in assessing prognosis and response to therapy and will allow future clinical trials to use bilirubin and ALP levels as end points.

Management
----------

### Ursodeoxycholic acid

UDCA is the only drug approved by the United States Food and Drug Administration for the treatment of PBC. UDCA has multiple proposed mechanisms of action, including competitive inhibition of ileal absorption of hydrophobic bile acids and enrichment of the bile acid pool with less toxic, hydrophilic bile acids, and the stabilization of hepatocyte membranes. UDCA also has choleretic, anti-apoptotic, anti-inflammatory, and immunomodulatory actions.^[@bib15],\ [@bib16]^ Optimal dosing is 13--15 mg/kg, and a reduction in serum ALP is seen as early as 2--3 weeks after initiating therapy. Retrospective studies demonstrate that responders to UDCA will have a long-term survival approaching that of age- and gender-matched controls, whereas non-responders are at risk for progressive liver disease. However, long-term rigorous placebo-controlled studies have not been able to clearly demonstrate the benefit of UDCA on hard clinical outcomes.^[@bib1],\ [@bib17],\ [@bib18]^

### Fibrates

There is a growing literature regarding the use of fibric acid derivatives in the treatment of PBC. Fibrates are used primarily in the treatment of hypercholesterolemia and have incidentally showed decreases in liver biochemistry profiles.^[@bib4]^ The proposed mechanism is through activation of the peroxisome proliferator-activated receptor alpha pathway, with modulation of bile acid synthesis and improved choleresis.^[@bib19]^ Several small studies from Japan, Israel, Europe, and the United States indicate that patients with PBC treated with fibrates improve serum ALP, along with other liver biochemistries and serum IgM levels. The only US study included 20 patients with incomplete response to UDCA, treated with fenofibrate 160 mg/day for 48 weeks; 55% patients had ≥40% reduction or normalization in ALP levels.^[@bib20]^ Similarly, a recent study from Spain included 30 patients with incomplete response and treated with bezafibrate 400 mg/day; 70% had biochemical response.^[@bib21]^

Recently, an unblinded trial from Japan^[@bib22]^ randomized 27 patients to bezafibrate+UDCA (*n*=13) or UDCA alone (*n*=14). At the end of 8 years, mean ALP levels were 290 IU/l in the bezafibrate+UDCA group compared with 461 IU/l in the UDCA alone group (*P*\<0.05). The Mayo PBC risk score, a validated model that predicts survival in PBC using the following clinical parameters are as follows: age, bilirubin, albumin, prothrombin time, and the presence of edema and usage of diuretics (<http://www.mayoclinic.org/medical-professionals/model-end-stage-liver-disease/updated-natural-history-model-for-primary-biliary-cirrhosis>); was evaluated as a secondary end point in the study and was lower in the bezafibrate+UDCA group (0.91 vs. 1.42, *P*\<0.05). However, total bilirubin, albumin, aspartate aminotransferase, and alanine aminotransferase did not differ between the groups at the end of the study and there was an unexplained trend toward increased mortality in the bezafibrate combination group.

A systematic review summarizing fenofibrate as adjunct therapy in PBC reported a complete response rate of 69% (with an odds ratio of 82.8, 95% confidence interval 21.6--317.2 representing the odds of achieving a complete response after adding a fenofibrate).^[@bib23]^ The long-term effect of fibrates in PBC needs to be further evaluated before its recommendation in clinical practice.

### Budesonide

Budesonide is a non-halogenated glucocorticoid absorbed in the small bowel with 90% hepatic first pass metabolism and potent glucocorticoid receptor-binding activity.^[@bib4]^ Two randomized controlled trials^[@bib24],\ [@bib25]^ and a third non-randomized, pilot study^[@bib26]^ have evaluated the combination of budesonide and UDCA on outcomes in PBC. Both randomized controlled studies showed a greater reduction in serum ALP and improved histology (grade and stage) in the budesonide+UDCA groups, whereas the UDCA alone group had histologic deterioration. In the non-randomized pilot study,^[@bib26]^ investigators noted a very modest effect on ALP level (21% reduction) and an increase in the Mayo PBC risk score, suggesting progression of disease. Side effects of budesonide in all three studies included mild glucocorticoid effects. Cirrhotics were not included in the randomized trials as pharmacokinetic studies suggested altered metabolism and a risk of portal vein thrombosis.^[@bib27]^ Thus, with few exceptions, use of budesonide is probably better reserved for patients with overlap syndrome with autoimmune hepatitis.

### Obeticholic acid

Obeticholic acid is a derivative of chenodeoxycholic acid and a ligand and potent activator of farnesoid X receptor. Farnesoid X receptor regulates bile acid production and has both anti-inflammatory and anti-fibrotic properties.^[@bib1],\ [@bib4]^ A recent study reported on the efficacy of obeticholic acid in patients with inadequate response to UDCA.^[@bib28]^ This was a multicenter, randomized, placebo-controlled trial including 165 patients studying the efficacy of obeticholic acid at doses of 10, 25, 50 mg vs. placebo over a 3-month period. Primary end points of decrease in ALP levels were met, with reductions of 21--25% from baseline compared with 3% reduction in the placebo arm, *P*\<0.0001. In an open-label extension of the study with 78 patients, the improvement in ALP was sustained. Pruritus was the most common adverse event, which was dose related and as high as 85% in the 25 mg arm. However, the prevalence of pruritus in the 10 mg arm was comparable to that of placebo (47% vs. 50%). Preliminary results from a recent follow-up study evaluating a lower starting dose of 5 mg/day, with titration up to 10 mg/day, seem to indicate similar efficacy and less itching.^[@bib29],\ [@bib30]^

Assessment of disease progression: cirrhosis, portal hypertension, and hepatocellular carcinoma (HCC)
-----------------------------------------------------------------------------------------------------

### Transient elastography

Data on fibrosis quantification with transient elastography (i.e., Fibroscan) in PBC and other cholestatic liver diseases are scarce. In an initial study, Corpechot *et al.*^[@bib31]^ examined the performance of Fibroscan in patients with PBC and PSC; it included 69 patients with PBC who underwent paired Fibroscan measurements and liver biopsy. The area under the receiver operating characteristics were 0.92, 0.95, and 0.96 for ≥F2, ≥F3, and F4, respectively. Optimal liver stiffness values for F2, F3, and cirrhosis (F4) were 7.3, 9.8, and 17.3 kPa, respectively. In a second study by the same authors,^[@bib32]^ Fibroscan was performed serially on a cohort of 150 PBC patients treated with UDCA and liver stiffness measurement were correlated with survival. Area under the receiver operating characteristics for F1--F4 were 0.80, 91, 0.95, and 0.99, respectively, with the following cutoffs: 7.1, 8.8, 10.7, and 16.9 kPa, for F1--F4. The overall progression rate was 0.48±0.21 kPa per year, but was more rapid in cirrhotics (4.06±0.72 kPa per year). Importantly, an increase of 2.1 kPa per year was associated with an 8.4-fold increase of liver decompensation and death. This latter study provides evidence for the use of non-invasive elastography technologies for the assessment of disease progression and response to therapy in patients with established PBC. A recent review on Fibroscan suggests a cutoff of 17.9 kPa to diagnosis cirrhosis in biliary liver diseases.^[@bib33]^

### Esophageal varices in PBC

Screening for esophageal varices is the current practice in patients with cirrhosis of any etiology.^[@bib34]^ However, liver biopsies are not done routinely in PBC, and complications of portal hypertension can precede the histologic development of cirrhosis because of portal venous compression, perisinusoidal fibrosis, and nodular regenerative hyperplasia.^[@bib17]^ In an original longitudinal study of 256 PBC patients, 31% developed esophageal varices over a median of 5.6 years and the corresponding 3-year survival rate was diminished in those who developed varices (59%).^[@bib35]^ In a more recent cohort study from two US centers, 37% of 91 patients with PBC who underwent screening endoscopy were found to have esophageal varices and an even higher percentage (47%) in the cross-validation group. Independent risk factors for the presence of esophageal varices were platelet count \<140,000 and a Mayo PBC risk score ≥4.5.^[@bib36]^

### Risk of HCC in PBC

The Global PBC Study Group recently reported on the risk of HCC in PBC.^[@bib37]^ In this well-characterized cohort of 4,565 patients, there were 123 incident cases of HCC in 36,577 patient-years of follow-up (with an actuarial incidence rate of 3.4 cases per 1000 patient-years). Male gender, advanced biochemical disease, and thrombocytopenia at diagnosis represented factors associated with baseline future risk of HCC, consistent with prior studies.^[@bib38],\ [@bib39],\ [@bib40],\ [@bib41]^ UDCA therapy does not appear to affect or modulate the risk of HCC. However, those classified as biochemical non-responders (irrespective of therapy) were at increased risk to develop HCC and this was the most important independent risk factor in predicting HCC risk.

Primary Sclerosing Cholangitis
==============================

PSC is a rare chronic, cholestatic liver disease characterized by inflammation and fibrosis of the intra- and/or extrahepatic bile ducts. It leads to bile duct obstruction, biliary cirrhosis, and portal hypertension, ultimately causing liver failure.^[@bib40],\ [@bib42]^ PSC is closely associated with inflammatory bowel disease, present in 60-80% of patients. Conversely, the prevalence of PSC in patients with ulcerative colitis varies from 2.4 to 7.5%. Although ulcerative colitis affects both sexes equally, in PSC the male to female ratio is 2:1. The mean age at the time of the diagnosis is 40.^[@bib43],\ [@bib44],\ [@bib45],\ [@bib46],\ [@bib47],\ [@bib48],\ [@bib49],\ [@bib50],\ [@bib51],\ [@bib52],\ [@bib53],\ [@bib54],\ [@bib55],\ [@bib56]^

The pathogenesis of PSC remains largely unknown. In addition to genetic predisposition, abnormalities of the gut--liver axis and bile toxicity are believed to have a role. This topic has been extensively reviewed elsewhere.^[@bib57],\ [@bib58],\ [@bib59],\ [@bib60],\ [@bib61],\ [@bib62],\ [@bib63],\ [@bib64]^ In this brief review, we will focus on diagnosis, treatment, and cancer surveillance in PSC.

Diagnosis
---------

Fifteen to 40% of patients who have PSC are asymptomatic at diagnosis.^[@bib50],\ [@bib65]^ When present, the most common symptoms are fatigue, pruritus, and abdominal pain. As a result of the transient biliary obstruction seen in PSC, ascending cholangitis can be the first manifestation of the disease. Laboratory abnormalities in PSC are nonspecific. Elevated serum ALP at 3--10 x ULN is the most common finding. However, ALP can be normal or near normal. Biliary sludge and small stones may cause transient blockage and fluctuation in the levels of ALP and bilirubin. The aminotransferases are typically \<300 IU/ml; albumin is normal in the early stages except in those with severe inflammatory bowel disease.^[@bib49],\ [@bib66],\ [@bib67]^

Hypergamaglobulinemia, elevated immunoglobulin G and autoantibodies (perinuclear anti-neutrophil cytoplasmic antibodies, antinuclear antibodies, anti-smooth muscle antibodies, anti-cardiolipine, thyroperoxidase, and rheumatoid factor) are seen in 20 to 80% of patients with PSC.^[@bib68]^ These findings lack clinical correlation and do not have significant sensitivity or specificity. Anti-mitochondrial antibody is usually absent in PSC.^[@bib69]^

Cross-sectional imaging may show bile duct wall thickening, focal bile duct dilatation, and saccular dilatation of the intrahepatic bile ducts.^[@bib67]^ Cholangiography is diagnostic and may be obtained using magnetic resonance cholangiopancreatography, endoscopic retrograde cholangiopancreatography or percutaneous transhepatic cholangiography. The images show short, annular strictures alternating with normal or mildly dilated segments of bile ducts conferring the classic beaded appearance [Figure 2](#fig2){ref-type="fig"}. As a result of its non-invasive characteristic and comparable accuracy, both American Association for the Study of Liver Diseases and European Association for the Study of the Liver recommend magnetic resonance cholangiopancreatography as first-line imaging.^[@bib67],\ [@bib70]^

On histology, features of PSC include bile duct proliferation, periductular fibrosis, periductular inflammation, and bile duct obliteration. Mononuclear and polymorphonuclear cells infiltrate may be present. The most characteristic fibro-obliterative lesion (onion skinning) is seen in \<40% of biopsy specimens.^[@bib71]^ Liver biopsy is not necessary for all patients with PSC, but it is invaluable to diagnose two special subsets of patients with PSC: small duct PSC and overlap with autoimmune hepatitis.

Patients with small duct PSC are characterized by having clinical, laboratory, and histological characteristics typical of PSC, but normal cholangiography. This subgroup comprises 6--16% of all PSC patients. Compared with those with classic PSC, patients with small duct PSC have slower rate of progression, better survival, and fewer require liver transplant or develop cholangiocarcinoma (CCA). However, about 20% of these patients progress to large duct PSC over a median period of 7.4 years.^[@bib72],\ [@bib73],\ [@bib74],\ [@bib75],\ [@bib76],\ [@bib77]^

Biopsy is also indicated to diagnose overlap of PSC and autoimmune hepatitis, seen mostly in children and young adults, with prevalence between 8 and 49%.^[@bib77],\ [@bib78]^ Importantly, this subgroup of patients may benefit from treatment with steroids.

Differential diagnosis
----------------------

Secondary causes of sclerosing cholangitis must be excluded before establishing the diagnosis of PSC [Box 1](#bx1){ref-type="boxed-text"}. One of the most important entities in the differential diagnosis of PSC is immunoglobulin 4-associated cholangitis or immunoglobulin 4-related sclerosing cholangitis. Both American Association for the Study of Liver Diseases and European Association for the Study of the Liver recommend checking immunoglobulin 4 levels in all patients with suspected PSC. Immunoglobulin 4-associated cholangitis is the biliary manifestation of a separate systemic disease: immunoglobulin 4-related disease. A cardinal feature of immunoglobulin 4-related disease is single or multiple organs\' swelling raising suspicion for malignancy. The diagnosis is based on histological, imaging, and serological features, none of which is pathognomonic. Differentiation of PSC from immunoglobulin 4-associated cholangitis can be extremely challenging, but it is also crucial to allow for proper treatment and monitoring of disease progression. Importantly, approximately 10% of patients with PSC have elevated serum immunoglobulin 4 levels without meeting criteria for immunoglobulin 4-associated cholangitis. These patients appear to have a more aggressive disease course.^[@bib79],\ [@bib80]^ [Table 2](#tbl2){ref-type="table"} summarizes the similarities and differences between the two diseases.^[@bib81],\ [@bib82],\ [@bib83],\ [@bib84],\ [@bib85],\ [@bib86]^

Treatment
---------

No medical therapy has been shown to prolong survival free of liver transplantation in patients with PSC. Although evidence is not as robust as it is for PBC, serum ALP is also resurfacing as a prognostic marker in PSC irrespective of treatment. Patients whose ALP remains persistently below 1.5 x ULN appear to have a better prognosis.^[@bib87],\ [@bib88],\ [@bib89]^ Whether serum ALP can be used as a reliable surrogate marker for long-term outcomes in PSC remains to be determined. Nevertheless, many of the studies below used serum ALP as a marker of response.

### Ursodeoxycholic acid

UDCA is the most extensively studied therapy for PSC. Multiple mechanisms of action have been proposed to justify its use in PSC, including its cytoprotective effect against apoptosis, anti-oxidant and choleretic properties, and immunomodulatory actions.^[@bib90]^

Studies using 13 to 15 mg/kg/day of UDCA showed improvement in the biochemical liver abnormalities but no survival benefit or delay in the need for liver transplant.^[@bib91]^ A randomized study of placebo or UDCA 17--23 mg/kg/day with a 5-year follow-up showed improved serum liver biochemistries but no survival benefit, although the study was not properly powered for such analysis.^[@bib92]^ As a result of some benefit seen in pilot studies, a multicentric, randomized, double-blind controlled trial of 150 patients using UDCA dose of 28--30 mg/kg/day was designed and subsequently interrupted prematurely because patients assigned to the high-dose UDCA arm were two times more likely to reach one of the study end points of death, need for liver transplant, or development of serious adverse events including CCA.^[@bib93]^ These results led the American Association for the Study of Liver Diseases to issue recommendations against using UDCA for patients with PSC, whereas European Association for the Study of the Liver suggests that there may be a selected group of patients who can benefit from UDCA.

Adding to the UDCA controversy, a recent study evaluating the effect of UDCA withdrawal showed that discontinuation of UDCA in patients with PSC caused significant deterioration in liver biochemistry.^[@bib94]^ The accompanying editorial by Tabibian and Lindor^[@bib95]^ suggested that perhaps until a safe and more effective treatment becomes available there may be a role for judicious use of UDCA in patients with well-compensated disease. The authors propose an individualized stepwise approach, exemplified in [Figure 3](#fig3){ref-type="fig"}.

### Immunosuppression

Several immunosuppressive drugs have been studied in PSC, but none was found to prolong survival or time for transplantation and most had serious adverse effects.^[@bib67]^ To date, there is no indication for the use of immunosuppressant agents to treat PSC, except perhaps for patients with overlap PSC/autoimmune hepatitis and those with PSC and high immunoglobulin 4 serum levels.

### Antibiotics

Several antibiotics have been used for the treatment of PSC, including minocycline, tetracycline, metronidazole, azithromycin, and vancomycin, with or without UDCA. Some of the studies showed improvement in the liver chemistries, but there is no long-term data and the number of patients was relatively small. A recent prospective clinical trial with rifaximin for patients with PSC failed to show biochemical improvement.^[@bib96]^

In another recent study, Tabibian *et al.*^[@bib97]^ randomized patients with PSC to vancomycin and metronidazole; each group was divided in low and high dose. Only patients in the vancomycin groups showed improvement in serum ALP at 12 weeks, the primary end point for the study. The Mayo PSC risk score, a validated model that predicts overall survival in patients with PSC using the following clinical data are as follows: age, bilirubin, aspartate aminotransferase, and history of variceal hemorrhage ([www.mayoclinic.org/medical-professionals/model-end-stage-liver-disease/revised-natural-history-model-for-primary-sclerosing-chonalgitis](http://www.mayoclinic.org/medical-professionals/model-end-stage-liver-disease/revised-natural-history-model-for-primary-sclerosing-chonalgitis)); improved in the low-dose metronidazole and vancomycin groups, and pruritus improved in the high-dose metronidazole group. In a study with 14 children, treatment with oral vancomycin led to improvement in serum liver biochemistries and an increase in regulatory T cells. However, the immunological benefits were not always sustained after treatment was discontinued.^[@bib98],\ [@bib99]^

Other therapy
-------------

### Fibrates

As discussed earlier, fibrates can reduce bile acid synthesis and promote choleresis through activation of peroxisome proliferator-activated receptors alpha. Two pilot studies evaluating the use of fibrates in patients with PSC showed a significant decrease in serum ALP. However, in both studies the number of patients was small.^[@bib100],\ [@bib101]^

### Docosahexaenoic acid

Cystic fibrosis transmembrane receptor dysfunction has been noted in patients with PSC, associated with changes in fatty acids and a decrease in docosahexaenoic acid levels. Correction of these abnormalities in animal studies led to reversal of bile duct injury. A small trial of 23 patients with PSC treated with docosahexaenoic acid showed correction of fatty acids levels, but only 22% of patients had a clinically significant reduction of serum ALP.^[@bib102]^ Further studies are warranted.

### All-trans retinoic acid

All-trans retinoic acid is a potent inhibitor of bile acids in humans. In a recent study, 15 patients with PSC completed 12 weeks of combination treatment with all-trans retinoic acid and UDCA. Investigators observed a decrease in serum ALP, alanine aminotransferase and bile acids at the expense of frequent adverse events (headache and tinnitus); additional studies with a lower dose of all-trans retinoic acid are awaited.^[@bib103]^

Dominant strictures and cancer risk in PSC
------------------------------------------

A dominant stricture, defined as an area of stenosis with diameter \<1.5 mm in the common bile duct or \<1 mm in the hepatic duct, is seen in up to 45% of patients with PSC at the time of diagnosis.^[@bib104]^ In addition, late dominant strictures can develop in 40--50% of patients with PSC followed over time.^[@bib89],\ [@bib105],\ [@bib106]^ Patients with PSC presenting with symptoms such as cholangitis, jaundice, pruritus, right upper quadrant abdominal pain, or worsening liver biochemistries, as well as those with a dominant stricture found incidentally on cross-sectional imaging, should be further evaluated with an endoscopic retrograde cholangiopancreatography. Endoscopic dilatation of a dominant stricture improves clinical symptoms and may improve prognosis.^[@bib107],\ [@bib108],\ [@bib109]^ Stent placement can lead to more complications of cholangitis than dilatation alone, but short-term use of stents may be helpful in patients with a severe stricture. Antibiotic prophylaxis post-procedure is recommended to prevent cholangitis.^[@bib107]^ The percutaneous approach carries increased morbidity and should be used only if the stricture is proximal, if there is altered anatomy, or if endoscopic retrograde cholangiopancreatography is not successful.^[@bib107]^ Surgical reconstruction with biliary-enteric drainage improves symptoms of obstruction but increases the risk of cholangitis and mortality. In addition, surgery promotes scaring that can interfere with a future liver transplant. Thus, surgical procedures are rarely used in clinical practice.^[@bib110]^

An elevated carbohydrate antigen 19.9 is concerning for CCA,^[@bib111],\ [@bib112]^ however, an elevated carbohydrate antigen 19.9 is not a specific test to detect CCA and thus alone cannot be used to differentiate a malignant from a benign stricture.^[@bib113]^ All patients with a dominant stricture need to be evaluated for CCA with biopsy, if feasible, and brushings of the bile duct for cytology. Brushing cytology has a high specificity but low sensitivity and adding fluorescent *in situ* hybridization to routine cytology increases the sensitivity to 64%. The presence of polysomy on two sequential specimens has shown to increase the positive predictive value of fluorescent *in situ* hybridization to 69%.^[@bib114]^ Similarly, the finding of multifocal polysomy is associated with CCA: patients with multifocal polysomy compared with negative fluorescent *in situ* hybridization were found to have a hazard ratio of 82 of developing CCA, (95% confidence interval 24.5--277.3).^[@bib115]^

In a Swedish cohort of 604 patients with PSC, the incidence of intra- and extrahepatic cancer was 13, and 37% of these cancers were diagnosed within a year of the diagnosis of PSC.^[@bib5],\ [@bib116]^ Specifically, the risk of hepatobiliary malignancies was 161 times that of the general population. In patients with concomitant inflammatory bowel disease, the risk of colorectal malignancy was 10 times that of the general population. In spite of this, the currently available guidelines are not uniform in their recommendations for cancer surveillance in pts with PSC.^[@bib67],\ [@bib70],\ [@bib117]^ [Table 3](#tbl3){ref-type="table"} depicts practical recommendations for cancer surveillance in patients with PSC.

The overall prognosis of CCA is poor, however, a multicenter study from 2012 showed a 72% 5-year survival free of cancer for patients with early-stage perihilar CCA who underwent neoadjuvant chemoradiation followed by liver transplant. Early detection of PSC is important in order to offer this subset of patients a chance of curative treatment.^[@bib118]^

Liver transplantation is the definitive treatment for patients with PSC who develop decompensated cirrhosis, with a 5-year survival of 80 to 85%.^[@bib114],\ [@bib119]^ In special circumstances, a model for end-stage liver disease exception may apply, pending approval by the United Network of Organ Sharing regional review board: recurrent episodes of cholangitis, intractable pruritus, and perihilar CCA \<3 cm without evidence of metastasis are the current criteria.^[@bib107]^ Recurrence of PSC after liver transplantation is seen in 20% of patients 5 years post-transplant,^[@bib120]^ however, it is usually well tolerated.

Conclusion
==========

PBC and PSC are both chronic, progressive, cholestatic liver diseases and as such share some of the clinical manifestations including pruritus, jaundice, complications of long standing cholestasis, and progression to cirrhosis and portal hypertension. The pathogenesis of PBC is better understood and an approved therapy is available, which slows progression of the disease. The greatest challenge for the clinician is the management of UDCA non-responders. PSC, on the other hand, is of unknown etiology and no therapy has been shown to change its outcomes. In addition to the lack of therapy, PSC is clearly a pre-malignant condition and close surveillance is indicated.

Much progress has been seen in the last 5 to 10 years; however, a substantial number of patients with both PBC and PSC will require liver transplantation. Although many gaps remain unfilled, we are likely to see, in the near future, the development of therapies that will further impact the quality of life and life expectancy of those affected by these diseases. Until then, prompt recognition and treatment, management and surveillance of the complications is essential in order to impact patients\' outcomes.
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![Liver histology in primary biliary cirrhosis (PBC). (**a**) Photomicrograph of an hematoxylin and eosin (H & E) stain (x200 magnification) from a percutaneous liver biopsy demonstrating a classic florid duct lesion in a patient with PBC. (**b**) Immunostaining of the portal tract in **a** with anti-cytokeratin-7 highlighting the bile duct that is infiltrated with lymphocytes. Courtesy of Nilesh Kashikar MD, PhD (University of Miami).](ctg201533f1){#fig1}

![Cholangiograms in PSC. (**a**) Cholangiogram from MRCP. (**b**) Cholangiogram from ERCP. Legend: 41-year-old female diagnosed with PSC 1 year prior, presenting with marked cholestasis and elevation of her liver chemistries who underwent MRCP showing beading and stricturing of the intrahepatic left ductal system and a dominant stricture in the right main hepatic duct. ERCP confirmed these findings, and the right hepatic duct was dilated. Brushings were negative for malignancy and FISH was negative for polysomy. Photos: courtesy of Enrico Souto, MD (University of Miami). ERCP, endoscopic retrograde cholangiopancreatography; FISH, fluorescence *in situ* hybridization; MRCP, magnetic resonance cholangiopancreatography; PSC, primary sclerosing cholangitis.](ctg201533f2){#fig2}

###### Prevalence of ANA subtypes in PBC and clinical correlations

  **ANA autoantibodies**             **Prevalence**  **Clinical correlation**                                                                            **References**
  --------------------------------- ---------------- ---------------------------------------------------------------------------------------- -------------------------------------
  Anti-gp210                          22.2--26.2%    Associated with hepatic failure; increase sensitivity and specificity in diagnosis        ^[@bib121],\ [@bib122],\ [@bib123]^
  Anti-centromere                     12.6--26.1%    Associated with portal hypertension, and hepatic failure                                  ^[@bib121],\ [@bib124],\ [@bib125]^
  Anti-sp100                           8.7--21.6%    Not associated with hepatic failure; increase sensitivity and specificity in diagnosis                ^[@bib121]^
  Anti-chromatin                        5.4--25%     Not associated with hepatic failure                                                             ^[@bib121],\ [@bib125]^
  MIT3[a](#t1-fn2){ref-type="fn"}        82.2%       No correlation                                                                                        ^[@bib121]^
  Anti-kelch-like 12                    16--40%      Increase sensitivity and specificity in diagnosis, particularly in AMA-negative PBC                   ^[@bib126]^
  Anti-hexokinase 1                     16--45%      Increase sensitivity and specificity in diagnosis, particularly in AMA-negative PBC                   ^[@bib126]^

AMA, anti-mitochondrial antibody; ANA, antinuclear antibody; PBC, primary biliary cirrhosis.

MIT3: mitochondrial antigens (recombinant proteins containing PDC-E2, BCOADC-E2, OGDC-E2).

![Proposed algorithm for UDCA use in clinical practice. Modified from ref. 96. \*Surveillance and management options reviewed on cancer surveillance section. \*\*Referral to cholestatic liver disease specialist and/or tertiary care center for consultation may be advisable. CA 19-9, carbohydrate antigen 19-9; MRCP, magnetic resonance cholangiopancreatography.](ctg201533f3){#fig3}

###### Similarities and differences between PSC and IAC

  **Disease process**                                                                                                **PSC**                                                                                                                                     **IAC**
  ------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------
  Age at onset                                                                                                         40                                                                                                                                        60 to 80
  Gender predominance                                                                                                 Male                                                                                                                                         Male
  Cholestatic liver chemistry                                                                                          Yes                                                                                                                                         Yes
  Elevated serum IgG 4                                                                                       In 9 to 27% of patients                                                                                                                         In all patients
  IgG-4/IgG-1 ratio[a](#t2-fn2){ref-type="fn"}                                                                       \< 0.24                                                                                                                                     \> 0.24
  Cholangiographic features                                          Segmental strictures with proximal dilatation and sacculation of the bile ducts with beaded appearance                     One or more strictures involving intrahepatic, proximal extrahepatic, or intrapancreatic bile ducts. Fleeting/migrating biliary strictures
  Histopathologic features                          Bile duct proliferation, periductal fibrosis with typical "onion skinning" lesions, periductular inflammation, and bile duct obliteration            Mixed lymphoplasmacytic infiltrate with \>10 IgG-4-positive cells/h.p.f., storiform fibrosis, and obliterative phlebitis
  Association with autoimmune pancreatitis                                                                             No                                                                                                                                          Yes
  Association with IBD                                                                                                 Yes                                                                                                                                          No
  Association with cholangiocarcinoma                                                                                  Yes                                                                                                                                          No
  Improvement in liver chemistry with UDCA                                                                             Yes                                                                                                                                          No
  Improvement in liver chemistry corticosteroids                                                                       No                                                                                                                                          Yes
  Progression to cirrhosis                                                                                             Yes                                                                                                                                          No

h.p.f., high-power field; IAC, immunoglobulin 4-associated cholangitis; IBD, inflammatory bowel disease; IgG 4, immunoglobulin 4; PSC, primary sclerosing cholangitis; UDCA, rsodeoxycholic acid.

From reference Boonstra *et al.*,^[@bib86]^ this data needs to be externally validated.

###### Current recommendations for cancer surveillance in patients with PSC

  Type of cancer                                          Recommendation
  ------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Cholangiocarcinoma                                      Ideally, MRI/MRCP with CA 19.9 yearly
  Gallbladder carcinoma                                   No additional surveillance as patient are already undergoing cross-sectional imaging annually. Polyps larger than 0.8 cm constitute indication for cholecystectomy
  Hepatocellular carcinoma                                U/S every 6 months for those with cirrhosis (as in other causes of cirrhosis)---may alternate with the annual MRI done for CCA surveillance
  Colorectal carcinoma in patients with concomitant IBD   Colonoscopy at diagnosis of PSC and every 1--2 years thereafter

CA 19.9, carbohydrate antigen 19.9; CCA, cholangiocarcinoma; IBD, inflammatory bowel disease; MRCP, magnetic resonance cholangiopancreatography; MRI, magnetic resonance imaging; PSC, primary sclerosing cholangitis.

###### Causes of secondary sclerosing cholangitis

AIDS-associated cholangiopathy

Cholangiocarcinoma

Choledocholithiasis

Diffuse intrahepatic metastasis

Eosinophilic cholangitis

Hepatic inflammatory pseudo tumor

Histiocytosis X

IgG4-associated cholangitis

Intra-arterial chemotherapy

Ischemic cholangitis

Mast cell cholangiopathy

Portal hypertensive biliopathy

Recurrent pancreatitis

Recurrent pyogenic cholangitis

Surgical biliary trauma
